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*NOTiCEt  When  Government  or  other  drawing*,  tpecificationt  or 
other  data  are  used  for  any  purpose  other  than  in  connection  with 
a  definitely  related  Government  procurement  operation,  the  U.S. 
Government  thereby  incurs  no  responsibility,  nor  any  obligation 
whatsoever!  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specif’cations 
or  other  data  is  not  to  be  regarded  by  implication  or  otherwise  as 
in  any  manner  licensing  the  or  any  other  person  or  corpora¬ 

tion.  or  conveying  any  rights  or  permission  to  manufacture,  use  or 
sell  any  patented  invention  that  .may  in  any  way  be  related  tnereto." 
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taeraodia  Saport  Bo.  11-59 


Italuatiaa  of  Foot  trp««  of  CSI  Protacti'<^  Suit«  (U) 


(Tl)  la  aeeordaaco  vlth  Intorserflca  Sapp];  Support  Afreenont 
#963-31tt  laswd  to  tte  BU  laixritorljutf  Fart  Qotri^y  ltox7laBd  by  Ua 
CIothlBf  and  Ttxtil*  DlTlalcn,  D.3.  Bsnil  Supply  ReMwch  and  Ovrolopaent 
Faeillly^  Boyoono,  B.J.,  fcur  types  of  protectlTe  suits  vere  subaittod  for 
Btf  evslustlaa.  Thrao  of  tfasse  suits  vcre  differtmt  acdels  of  tbs  QSB 
tsperlasntsl  OoeontMlnstica  Suit.  fb»  fourth  S'dt  was  an  experlaental 
Vet  Vasth*  Outfit.  A  descrinticn  of  each  of  the  four  types  follows  t 

(0)  type  1  -  (01C2).  this  suit  is  a  ooa-piece  Ispexasabls  garaent 
Mds  fim  standard  baVl**coated  fabric  with  attachsd  footgear  and 
dataehahls  hand  wear  (figure  1).  Ths  front  entry  closure  is  asde  1»- 
psreeahle  by  a  eoassinatioa  of  a  gusset  seal  and  water-proof  tipper,  the 
hood  with  a  MC7  pnteetiee  oask  attached  is  an  integral  part  of  the  suit. 

(S)  type  2  -  (S7CU).  this  suit  is  the  smm  as  Type  1  except  that 
the  ttn  aaak  la  dateehad  frai  tha  suit  (figure  2).  The  auit  hae  an 
attached  hood  which  is  sealed  to  the  aask  facepiece  by  aeane  of  a  specially 
deelgnad  rubber  closure  arriagencnt  (figure  3). 

(0)  type  3  >  (0?C3).  This  suit  is  ths  saas  as  type  2  except  that  the 
suit  is  perwabls  (figure  It).  This  type  has  i  layer  of  ispregnated  filter 
■Bterial  both  In  the  front  and  back  of  tba  suit  (figure  5).  The  purpose 
of  this  aodlficatloa  is  to  provide  scse  degree  of  veoUlaticn  to  the  veerer. 

(U)  type  It  •  This  suit  is  a  vet  weather  outfit  fabricated  froa  a 
neoprene  eoa’td  uatcrlal,  ocaplete  with  parka  and  owmll-tTM  trousers 
(figure  6). 

(D)  Three  suits  of  each  type  were  received  for  evaluation.  Sack  of 
tha  protective  suits  was  wont  over  a  suit  of  two-piece  cotton  long  under¬ 
wear.  Cotton  gloves  and  aocks  coi^leted  the  ensesble.  As  s:reed  by 
Eihtard  Cherowbrlar,  Pieject  Cfflcar,  3.3.  Naval  Supply  Raseaj^  ard  Cevelsp- 
mnt  FaelU^f  and  Stiaf,  froteetion  Branch,  Fhycleal  3ef«ose  Divialcn,  e*£h 
of  the  twelve  suits  was  tasted  in  duplicate. 
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(U)  Bm  test*  vtr*  eoi.u  ict«d  0T«r  •  six  djj  period  vlth  coa  soli  of 
Mch  teeted  aaeh  d^.  Poor  aale  sabjeeta,  oaidi  vearlag  a  diff emit 
^fpe  of  fult,  aara  axpoaad  a*'h  daj  la  a  cloud  ehaabar  rma  16'  z  x  iU* 
to  an  aamaol  of  B«  xloblgil  -pona*  Be  aaaa  aadla  dCUnatar  (M))  of 
this  aaroaol  vaa  ?•!  sleroa  .th  9S%  of  tha  partleclatas  batwaw  1  and  Sg 
alcroas.  Bm  eballaaga  aero.,  eoaeaitration  raagad  &on  1.5  to  2^  z  10^ 
aponaa  par  Utar.  Bm  eba!■^'  <u  operated  at  a  taaperatara  of  2C^. 

(U)  Bm  aaapler  otUlMl  ta  tLla  enlaatloo  conalatad  of  a  3  cn? 
aattoB  taill  laetaacular  cloth  viteh  attached  to  a  3-lnch  atrip  of  ^loch 
doabla-coatad  preaauia  aanalti.a  r^e.  Bnaa  patch  aaplers  acre  taped 
ta  tbi  aids  and  odarMearf  rea^-  rtlael/,  ta  the  f  jUonlaj  four  anatcalcal 
araast  aeapvlar  and  aaMurr  (lover  neck),  apl^aatrle  and  aedlan  doraal 
(aalat)f  alaar  antlbrachlal  (vrlet)  lod  loiter  faioral  (^ippar  knee).  Bm 
azaet  patch  loeatloaa  are  ahown  In  Plgara  ?•  k  patch  ampler  vaa  aiaw 
eaad  la  the  head  area.  Bila  aa?vlar  vaa  plaead  on  the  aaak  hartieas  acd 
the  aporaa  racorerad  froa  thla  eraplar  vera  coosldared  as  paaalratlon  to 
tha  aids*  Pbnr  aaaplara  elan  »-^ro  attaclMd  to  the  cntalda  of  ttaa  protectlTa 
seita,  tvo  oa  the  cheat  and  oco  (a  each  thl^. 

(Q)  Opoa  enter'*  tha  a.  poaura  chaaser  (Piguxa  6)  tha  aabjeeta  were 
aaatad  for  a  l-hoor  period  eccapt  vbea  perforsiac  followlac  aerlea  sf 
anreiaea  at  15*Hdnute  iaW'-alai 

1.  Touch  toea  tvlcei  hold  fer  5  '’omta  each. 

r.  In  ezerciaa. 

a.  Hands  oa  hipa 

b.  Extended  ana  to  aide 

c.  Extended  aru  fonard 

d.  Extended  to  aide 
a.  Extend  over  head 
t.  Extend  to  aide 
e*  Henda  on  hipa 

h.  Araa  down 

3.  Deep  knee  bend  tvice,  hold  for  5  oounU  each. 

(U)  At  the  conclualoa  of  the  teat  i«ricd,  the  r  ..Mcta  left  the  chasber 
through  two  elrlocka  vhich  vare  C'netar.tl/  alruuhed.  The  cutur  layvr  patch 
aaaplara  vere  reaoTed  la  tha  fir  at  airlock  and  all  undarvtar  ind  akla  amplara 
ia  tha  aacoad  airlock.  Tha  rectangular  cloth  petehei  vara  than  aatpUciU/ 
raaewd  froa  tha  tape  and  tranafarred  to  10  alllilitar  vxter  blanka. 

FelloHlag  thla,  thay  vera  haat-shockad  for  lo  alnutea  at  eO^  and  thaa 
ahakaa  for  10  alnutea.  Agar  pour  plf  tea  of  tha  water  acluLton  cor.tainiag 
tha  rea'xipendad  aporaa  vara  uaad  to  dote;'niaa  tha  total  ouaber  retained  -j 
aaeh  aai^lor. 
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(U)  Darius  Mch  day's  t«st,  a  control  subject  va»  dressed  In  one  of 
the  t«st  suit  wseables  with  tfae  patch  sa^ilars  in  place,  this  control 
•object  zoMiixwd  in  the  airlock  instead  of  enterlns  the  expcaure  chaaber, 
bat  otherwise  Ibllcwed  the  test  procedure.  Ihe  purpose  of  this  test  control 
was  to  ascertain  that  the  ssapUns  techniques  e^lojred  were  sterile* 


RESULTS  AID  DlSCUSSZd 

(D)  Th*  Keceatrlc  aiaB  per  cat  leakages  for  e^  of  the  twslre  suits 
are  presented  In  Table  I.  These  Mans  were  confuted  b7  adding  the  under* 
wear  and  •Hn  patch  spore  counts  so  that  the  total  leakage  at  a  given 
— area  idght  be  detarained.  The  ratio  of  thla  total  to  the  average 
count  obtained  frea  the  four  outside  layer  patch  saaplars  was  -:onverted  to 
per  cent  leakage  and  then  to  logarlttes  for  statistical  analTtis.  The 
anelTBls  of  variance  is  given  in  Table  IZ. 

(n)  Thla  analysis  ahowa  that  dlffarencea  aaong  suit  ^ea  were  highly 
aignlfleant.  T^pe  1  offered  the  greatest  protection  followed  In  order  by 
^rpes  2p  3»  sad  h.  The  penetration  throu^  Type  1  suits  was  slgniflcantlr 
lower  than  that  for  the  oilwr  types.  Penetration  through  Type  2  was 
significantly  less  thin  that  for  Types  3  ud  It.  The  leakage  difference 
between  Types  3  and  U  was  not  significant.  CeoMtrlc  Mans  axpresssd  aa 
per  cent  nducUon  (l.e.*  lOOf  ainus  per  cent  leakage)  are  Hated  for  the 
four  types I 

Per  Cent  Reduction 

— — 777^ - 

99,758 
98.652 
96.251t 

(a)  With  the  exception  of  Type  1*  there  wu  appreciable  variation  of 
aulta  within  type.  However  this  variation  wes  not  stattstieally  aignlf leant 
when  cowpared  to  the  randoa  variation  encountared  thrcu^cut  the  testa. 

(U)  Xsakage  at  the  different  saaipllng  locaUru'j  varied  significantly 
aneng  eult  types  (Table  ZZ,  line  I2t\  TheM  Jlfi'srt>'K'ea  are  undcubtedZy  due 
to  the  various  tyi^a  of  suit  dssi^..  f^.is  is  aubsLi.'Uatrd  by  tin  fact  that 
ths  results  show  that  the  ^auoet  '  ene'ra'Joa  -f  T/.aa  2  and  3  eults  eccurred 
at  the  laspllng  locations  cf  r^otaaaty  to  ths  seat  vulnerable  part 

of  ths  respaetlve  suite.  Tb  Ulustrete,  Type  2  yielded  the  greetest  pene- 
troUoa  at  tbs  lower  neck.  Fetch  eai^lere  at  this  location  eolieetnd  tha  B« 
aloblgil  speres  penetrating  the  rubcer  cloture  arrangenent  which  was  Ucstgiv.^ 
to  seai  ths  suit  to  the  j'artphery  of  the  detached  KKV  ms^-.  Tjpa  3  uhleh  ha.< 
a  penHabla  layer  of  Ij^regnatad  f  11  tar  Mtorial  in  tha  fruit  and  rear  of  tha 
waist  erva  showed  the  .greatest  ;«rMtraUon  at  these  Stirling  locations  (7.691'. 
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A  flltsr  yAMtntien  tMt  pcrforaid  on  «  doa^^lB  layvr  of  this  Ij^pragiiatad 
Miarial  ahowod  that  tha  ■atarlal  allouad  a  3*  gloolgli  aport  panatratloa 
of  7.36  par  cant,  lhaa,  tha  laakaga  of  thla'tyfa  of  ault  at  tha  waiat  araa 
la  aadoabU-d\>  ^  to  tha  Inaff a  ctiaanaaa  of  tha  f  11  tar  aatarlal  agalnat 
partlelaa  la  tra  1  to  5  aleroa  alia  raagc*  Ca  tha  othar  tued,  Tjrpa  1 
daaeoatra:ad  as  alt.Jfleant  diffaranea  la  laakaga  at  nj  of  tha  Ava  aaapUag 
axaaa.  Ibla  t/pc,  ahleh  la  Iqparaaabla  «llh  tha  aaak  aa  aa  latagral  part  of 
tha  aaltt  doaa  na  poaaaaa  aiy  faatura  ahleh  eaa  ba  eoaaldarad  aa  potaatlallj 
tralaarablj.  Type  It,  a  wataiaathar  outfit,  «aa  aot  prlaariljr  daalgaad  aa  a 
at  pretaeti'^  jtdt.  Bevavar,  It  vaa  Ineladad  la  thla  avaluatloa  la  ordar 
to  obtala  an  iudJ  catioa  of  tha  aaouat  of  protaotloa  vhleh  could  ba  axpaetad  ‘ 
If  aora  la  a  eoataalatad  araa. 

(0)  Iha  gaoaatrle  aaaa  par  cant  panatratloa  waa  alao  coigmtad  at 
aaeh  aaapilac  loea:lja  icr  tha  akin  and  uadarvaar  lajara,  raapaetlTaly. 
ttaaa  Maaa  ara  la  Tabla  III. 

(U)  Iha  avaraga  tpora  eouat  oa  tha  dallj  oeatrol  patch  aaiplara  wu 
laaa  thaa  0.1.  Thla  la^eataa  that  not  onlj  uara  tha  IndlTldual  aa^plara 
atarila,  but  alao  danoaatrataa  that  tha  tachnlqua  of  plaelag  tha  aai^ara 
aad  aubaaquaatljr  raaorlag  thaa  aaa  aatlafaetcrj. 

(C)  Tha  W  protactlcai  affordad  b/  Typa  1  aad  2  axpariaintal  aulta 
eoa^araa  wy  f  arorabljr  with  that  of  tha  Chaaleal  Corpa  10  ProtaeUra  Suit. 
Thla  lattar  ault  glTaa  tha  waaror  99*S  par  cant  protacUca.  Slaea  liai  tO 
ProtaeUva  Suit  prorldaa  adaquata  protaotloa  for  uaa  6/  apaelally  tralnad 
dacontmlnatloa  paraonaal,  USI  Sxr^  lAentU  Daeontaainatloa  Suit  aodala  1 
aad  2  (07C2  and  07CU)  can  alao  ba  to  ba  adaquata  for  uaa  la  W 

eoatnalnatad  araaa. 

(C)  Tha  Vat4faatla.*  Cutflt  tT^pe  U)  aficrda  approalaataly  tha  aaaa 
aaouat  of  V  protaetUn  a"  an  U.S.i,  fatlsw  unlfora  uhaa  uom  with  bocta, 
aoeka,  gleraa  sod  h?Al  Frotartl.a  Haalr  ooapiata  with  an  liq^rognatad  hood. 


CiL'^CWTA.MIJUTIC*  STU3II3 

(0)  Pcur  ot  *ha  tw«]vw  .  ilta  Ineluduv  glovaa  and  naaka  wara  daeon- 
'aalnatad  itraa  Ujaia  whllw  w  alght  anaeablaa  waro  dacontaainatad 

Mca.  Thaaa  xtaaa  wort  axpoawd  to  «  c*.'^  ant  ration  of  195  allllgraM  of 
othylana  oxlda  par  11  tor  of  af<xa  following  thla,  tha/  wara 

atratad  for  l?-i.oura  prior  tr  usa,  a  tnapacUon  waa  aada  of  aaeh  ault 

after  daecntaairaUcn.  Bo  odTurao  -j  a^'ish  r-uH  ba  at»rl6«tad  to  tha 
ath/lana  oxlda  wara  obaarvad. 

(0)  Zb  ordar  to  pnavart  ath"lana  oalda  adaorpMon  b/  tha  oaidatar 
charcoal  la/wr,  tha  r"^i8Vra  ww»o  t^noyad  frs,B  aaeh  Mik  during  tha  ax- 
poaura  parted.  Tha  axtarlor  jurfaea  cf  thwaa  coRpor.«nta  waa  dacontaainatad 
(T  wiping  thoroughly  with  a  » l«.  ch  aoluUcn  ccnUlaing  1000  pi«  a-»ilabla 
chlorti*. 
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(U)  T*bl«  I  scows  that  tta  oT*rall  .efmatrtc  Man  per  cent  W 
pMMtntlca  vaa  0.253  oer  cent  Tor  repliceta  1  (before  decontealnatlcn) 
atwi  0.220  per  coat  for  rerlicste  2  (after  one  or  aore  (!econtaid.naUons). 
Iba  effect  of  deeoataslaeUoa  u  indicated  cy  the  replicate  aeaa  square 
(line  1,  Table  11),  waa  negliglole.  No  slrmfieant  differencoa  aaoaf 
anit  trees,  which  would  indicate  their  lnacilit7  to  withataiMl  ethylene 
oadde  decontaainatloa  were  detected. 


ACnCWLSXfiSNTS 

(0)  The  excellent  technical  aaslstcnce  rendered  diring  these  testa 
hf  HalTla  1.  filler;  Jmmn  lewis.  HXl.  DSIt  Joseph  A.  Milo,  Jr.,  HXl, 
rat  and  Rulett  Sarister,  HKl,  Is  graufuUy  acknowledged.  The 
atatiatleal  aaalTsla  of  the  data  waa  {erfened  by  Charlea  tf,  Xicis, 
Matheaatica  Dlrlalon,  Port  Detrick. 


simHX 

teciive  suits  h^tCMesi  tested  la  aa 
aerosol  of  y^eblfU  spores.  Thre*  of  these  types  ware  different  nodels 
of  the  D3I  jDqperdSnCal  decontamination  S'uit.  Tie  fourth  type  was  e 
Vet  Veathar  Oatflt, 

1  statlsticel  aaalysls  of  the  res-alts  ahowed  that  differences 
•BOBf  suit  types  were  hlihly  significant.  Type  1  (ispemaabla  with 
iatefreted  aeak)  offered  the  greatest  ^oteeUea  followed  la  order  by 
Type  t  (ii^ermehle  with  detached  eaak),  Type  3  (perweeble  with  detached 
■B^)  anl  Type  It  (aet  weather  cutflt}.  The  peistration  through  Tr*  1 
wae  alcaifieantly  lower  than  that  for  tha  othtr  typea.  Peoetratioa 
throech  Type  2  was  aignifieantly  lesa  than  'xat  for  Typea  3  and  it.  The 
laakace  ^farenee  between  Types  3  and  «.  was  not  slKnlflcant.  Uakage 
at  the  fire  ■a.'rllnr  loes*iona  variad  ai.r-ifleantly  aaong  suit  types* 

These  differences  art  undouot4<ily  due  o  'he  eerloua  ^ea  of  suit  daslgn, 
since  the  preatast  spore  ^anerrstlon  for  ei.:h  type  occurred  In  the  aoat 
Tulnerable  area. 


No  adrersa  effects  'n  t.e  twelve  suits  as  a  lesultcf  eU.ylette 
oxide  docon'aailrwtioR  were  vis.^lly  oosurvei  or  indicated  '>y  the  teat 
results. 


t 
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Q«OMtrle  Hms  Par  Caet  Paaatratloa  for  foor  1>paa  of  031  ProtactlTa  Suita 
(CoaUmd  Ondavaar  and  Skla  Layar  Tbtala)  (0) 

loiat  Taat  acaat  •  B.  tXcblilit  Typo  of  aaplar  uaad  •  3  ea  cotton  tMlU  patch 


lAMT 

Suit 

Ttp* 

Salt 

Bead 

Back 

Vaiat 

VMat 

Inaa 

Naaaa 

Naana 

1 

1 

0.00it 

0.002 

0.002 

o.oc 

0.002 

0.002 

5 

0.009 

0.027 

0.000 

O.OOu 

0.000 

0.002 

9 

0.009 

KW 

0.000 

0.000 

0.000 

o.oso 

0.002 

o.dU 

0.0006 

y.ooo 

OB? 

0.X2 

n 

2 

0.235 

10.129 

2.Slh 

0.909 

lJt79 

1.516 

6 

0.003 

1.19ii 

0.709 

0.190 

0.220 

0.169 

10 

S:i2 

0.737 

'im 

0.119 

^•550 

0.006 

O.OCt 

om 

0.2tt2 

III 

3 

0.362 

3.590 

2.712 

0.239 

o.a9 

0.712 

7 

O.lhT 

6.723. 

12.399 

2.635 

3.706 

2.607 

U 

0.0^ 

U.20t 

lj«n9 

7.6w 

1.3^ 

Iww 

2.M3 

11737 

1:211 

1.319 

n 

1. 

0.7rt 

J.690 

0.033 

3.972 

u.3e9 

1.317 

9 

1.967 

9.626 

2J>92 

lt.666 

2.973 

3.630 

12 

6.996 

22,209 

I5.9L9 

U.999 

5.5^ 

>*ssr 

10.999 

nar 

irnt 

T7J91I 

3.716 

BapUeata 

FanatraUoc 

1 

(Safora  OacDniaalnaUoa) 

0.253 

2 

(After  om 

or  arra 

2»<rrnteRl.v 

♦•.cm) 

-> 

.229 

Confltianca  U*m  faetcra  (9^f  LoTal) 
ter  X  oaiUon  naam 

r.r  fWana  fi.S 

ryr*  I  2.9 

typaa  U,  III,  17  5.5 
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TABU 

iaaljrils  of  Vorlanco  for  Four  of  OSH  FroUctlT*  Sulla  (C) 

Let  Cant  fanatrallon  *  0.001) 

Naan  Irrer 

Liaa  le.  Score#  of  Tarlatien  df  Squara  Linn  f  Frob. 


1 

ftaplleata 

1 

0.06093 

9 

41 

a 

2 

toent  Sulla  (S) 

11 

17.16731 

- 

- 

an 

3 

TSrp*  (V) 

3 

57atli328 

8 

20.9 

A15 

U 

Sulla/Typo  X 

2 

.01222 

U 

41 

a 

5 

Sultj/1>p«  11 

2 

5.32882 

• 

- 

- 

6 

Sulla/T'.  pa  HI 

2 

.79)18 

m 

- 

«a 

7 

Sulla/Typa  17 

2 

2.12108 

• 

m 

- 

8 

Foolad  Unaa  5>6f7 

6 

2.7U76 

U 

2.33 

201 

7 

R  X  S 

11 

,97itu 

an 

an 

an 

10 

R  X  T 

) 

.2L131 

11 

..1 

a 

u 

R  X  S/T 

8 

1.1781L 

m 

m 

- 

12 

RealUon  (f) 

L 

2.78913 

15 

^^.)7 

t.lS 

13 

s  X  r 

U. 

.88550 

- 

«» 

m 

IL 

T  X  f 

12 

1.51.51*5 

15 

2. (.2 

<S% 

15 

S^  X  F 

32 

.6)801 

18 

1.5) 

•>10* 

16 

R  X  F 

U 

.)0)77 

17 

4l 

nS 

i: 

R  X  S  X  F 

UU 

.12615 

18 

Fooled  llnea  16  A  17 

Ui 

.U1595 
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TUU  CZ. 

OMMtrie  IlMa  Hr  C«it  HattnUoa  for  Hv  IZp**  ot  QSi  Suita 

(ThiHniMr  Skis  Ccav«Ud  S«farat«2/)  (0) 

■fttaat  TMt  accat  -  1.  aieblgll  ■poiaai  of  oaplor  mood  •  3  ca?  cottoa 
*  Mil  potck 


Suit 

Sa«lar  LoeotlAa 

Tjrpa  X 
La^ar 

Naaaa 

Had 

laaar 

■ack 

Vaiat 

Wrlat 

Im' 

1 

taterwoor 

- 

0.003 

0.001 

0.000 

0.JO9 

O.OCl 

9da 

0,037 

0.300 

0.000 

0.000 

0.000 

0.001 

n 

QBd«w««r 

« 

1.518 

0.23} 

0.006 

0.000 

0.33lt 

Skla 

o.oSk 

3.505 

0.096 

0.(03 

0.035 

0.065 

m 

OadonMor 

U.OW 

6ja5 

C.8» 

3.976 

2.113 

Skla 

0.09€ 

O.UC 

1.319 

3..t3 

0.155 

3.158 

If 

Cado/woor 

m 

6.813 

3.8:8 

5.373 

!i.7;8 

3.512 

Skla 

1.907 

0.370 

3.306 

0.799 

0.330 

CONFIDENTIAL 


CONr  .‘--NTiAL 


